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Abstract 
Using first principles calculations within the formalism of the Density Functional Theory (DFT) and the Local Spin Density 
Approximation (LSDA) for the exchange-correlation term, we have studied native defects (vacancies and antisites) in wurtzite 
Beryllium Oxide (w-BeO). The stability of the defects was analyzed by calculating the formation energies (Eform) through total 
energy calculations (Et). Among all the defects studied, the oxygen vacancy (VO) is the most stable defect (lowest formation 
energy), while the Beryllium in the Oxygen site (BeO) is the less stable defect. For the vacancies we obtained formation energies 
of the 0.75 eV (7.88) and 9.16 eV (2.02) for the VO and VBe in a Be-rich (O-rich) growth condition. For the antisites we 
obtained formation energies of the 16.08 eV (1.76) and 6.69 eV (20.95) for the OBe and BeO in the Be-rich (O-rich) growth 
conditions. In addition, we observed that those defects introduce deep and localized electronic levels in the band gap. Those 
defects can be the responsible for luminescent properties of BeO.  For the VBe a local spin magnetic moment of 2 PB is 
obtained. 
© 2011 Published by Elsevier B.V. 
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I-Introduction 
The demand for devices operating at high temperatures and high frequencies has prompted an interest to oxides. 
Beryllium oxide (BeO) is a white inorganic mineral that can be grown in laboratory. This large band gap 
semiconductor (approximately 10.63 eV) crystallizes in the hexagonal wurtzite structure but at high temperatures 
can be also found in the cubic zinc blend structure. Theoretical calculations [1] show that the hexagonal structure is 
more stable than the cubic by approximately 5.6 meV per pair of atoms. Continenza et al [2] have recently 
investigated the possibility to growth BeO in the hexagonal graphitic structure, and more recently Baumeier et al [3] 
have studied BeO in the tubular form. 
 BeO has a good thermal conductivity [4] and a large hardness [5] being suitable for a harsh environment. 
Others important applications for BeO arrive from its luminescent properties that can be related with the presence of 
point defects and as is well known from the study of semiconductors, a detailed understanding of the role played by 
intrinsic defects (vacancies and antisites) is fundamental for their applications in electronic devices. Contrary to 
others oxides like ZnO that are intensely studied [6], the presence of native defects in BeO is scarcely studied. 
Motivated by the recent experimental findings in BeO, in this paper we present an ab initio theoretical investigation 
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of the structural, energetic stability and the electronic properties of BeO upon the presence of antisites (an atom
occupying the site of another one) and vacancies (the absence of an atom). All the calculations were performed only 
in the neutral charge state.
II- Methodology
The calculations were performed in the framework of the density functional theory (DFT) with the spin local
density approximation (LSDA) for the exchange-correlation term.  The Kohn-Sham (KS) equations are solved using
the self consistent method, as implemented in the Viena ab initio simulation package (VASP) [7]. The valence
electrons and the ionic core interactions are described by through Vanderbilt ultrasoft pseudopotential [8].  The KS
orbitals are expanded in a plane wave basis set with an energy cutoff of 400eV. To sample the Brillouin Zone (B.Z.) 
and calculated the periodic functions a 4x4x4 Monkhorst-Pack [9] grid was used and all the atoms in the super cell
are allowed to relax without imposing any symmetry constraint. The forces are calculated using the Hellmann-
Feymann procedure and the geometries are optimized using the conjugated gradient (CG) method. The system is
relaxed until the root mean square criterion of 0.04 eV/Å on the atomic forces is reached.
To avoid defect-defect interactions we use a super cell with 72 atoms in a wurtzite structure. The formation
energy (Eform) of a given system (defect) is determined using total energy (Et) calculations, according to equation:
)1(.][)( OOBeBetform nnXBeOEXE PP  
Where Et[BeO+X] is the total energy of a supercell with the X (antisite or vacancy) defect. In equation (1), n and
P are the number of atoms and chemical potential of the atomic species involved. The atomic chemical potential
(PBe and PO) has been determined as the total energy per atom, of the most stable configuration: the D-beryllium
bulk and the O2 molecule, respectively.
The chemical potentials for Be and O depend on the primary material used to synthesize the BeO system through
a relation of constraint. Considering that in the growth process the primary materials to form BeO are only D-
beryllium bulk and the O2 molecule then the atomic chemical potential are constrained by the thermodynamic
equilibrium condition:
)2(.BeOOBe PPP d  
In equation (2) PBeO is the total energy for a BeO pair in the w-BeO bulk system. It has to be noticed that
equation (2) defines a range for the allowable values of the Be and O atomic chemical potentials, with a constraint
imposed on their sum.  Two extreme conditions can be established: 1) The Be-rich case should be attained when the
system is assumed to be in equilibrium with the D-beryllium bulk. In this case, PBe = PBebulk, and the oxygen
chemical potential, PO, is given by equation (2); 2) For the O-rich case we should have PO = POmolec. Thus,
equation (2) defines the remaining chemical potential, PBe.  Further details can be found in the calculation for 
vacancies and antissites in GaN nanotubes [10].
Changes in the electronic properties of BeO due the presence of defects are investigated by the analysis of the
electronic band structure and the density of states. Having detected any new electronic level in the band gap, we
investigate the spatial localization of the electronic level by calculating the charge density for the specific electronic
level (the Khon-Sham orbital).
III- Results and Discussion
Firstly, aiming to verify the accuracy of the employed theoretical methodology, we have performed total energy 
calculations, structural optimizations and electronic band structure calculations for the different BeO bulk phases.
We obtain that the wurtzite bulk phase is more stable tan the cubic zinc blend phase by 1meV. The calculated
cohesive energies are 15.7353, 15.7340 and 14.5674 eV for the wurtzite, zincblend and rocksalt phases,
respectively. For the wurtzite phase we obtain a = 2.668Å and c = 4.327Å, for the two lattice parameters. The
calculated electronic band structure, Fig. 1-(c), shows that w-BeO is a large band gap semiconductor; using DFT-
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LSDA we obtain a band gap of 7.91eV, in accordance with the well known result that the DFT-LSDA
underestimates the band gap by approximately 30 %.  Those results are in accordance with previous results using 
similar approaches [11].
Haven checked the methodology we start to study native defects in w-BeO. Antisites are very common defects in
heterogeneous semiconductors.  The calculated formation for antisites in the Be-rich and O-rich conditions are
summarized in Table 1. As expected, the formation energy results for the antisites are consistent with the
energetically preferable arrange the excess of Be and O atoms, at O-rich and Be-rich growth conditions,
respectively. However, the high formation energies found indicate that antisites in BeO have a very low probability
to be found.
Table 1- Calculated formation energies (in eV) for antisites and vacancies defects in w-BeO at the neutral charge 
state in Be and O-rich growth conditions.
Defect Be-rich O-rich
BeO 6.69 20.95
OBe 16.08 1.76
VBe 9.16 2.02
VO 0.75 7.88
Figures 1-(a) and 1-(b) show the calculated electronic band structure for the BeO upon the presence of OBe and
BeO. These antisites introduce two occupied and two empty electronic levels in the band gap. For the OBe the
occupied electronic levels are near to valence band maximum (VBM) and the empty are deep in the band gap, while
that for the BeO  the empty levels are near to the conduction band minimum (CBM) and the occupied are deep  in
the band gap. Those electronic levels present a small dispersion along all the B.Z. indicating that they must be
localized electronic levels. In fact, the charge density analysis for those levels (not shown) confirms that they are 
localized in the defective site (antisite) and in the atoms nearest to the antisite.
Fig. 1 - Electronic band structures for antisites [ (a) and (b)], pristine system (c), and vacancies [(d) and
(e)], in w-BeO bulk system. The continuous and dotted lines indicate majority and minority spin bands, respectively.
The Fermi Energy (EF) is indicated by a red continuous line.
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Vacancies are another common defect in semiconductors. Table 1 show the calculated formation energy for the
two possible vacancies in BeO. From this table we can observe that vacancies have lower formation energies as
compared with antisites, indicating that vacancies have high probability to be found under appropriate growth
conditions. For a covalent semiconductor, when an atom is removed from the system, the neighboring atoms
partially reconstruct around the defect. However, for the BeO, due the strong ionic character we do not observe a
significant change in the atomic coordinates of the atoms close to the defective (vacancy) site. For the VO the
nearest four Be atoms move toward the defective site by approximately 0.05 Å, while that for the VBe the nearest
four O atoms move outward by approximately 0.15 Å.
Figures 1-(d) and 1-(e) show the calculated electronic band structure for the w-BeO in the presence of vacancies.
From these Figures we can observe that the VO give rise to an occupied deep electronic in the band gap and two
electronic empty levels near the CBM (approximately 5.0 eV above the occupied defective state). The charge
density analysis, Fig. 2-(a), show that the occupied level in the band gap is localized around the defective site,
similar analysis allow we to conclude that the two unoccupied state close to the bottom of the conduction band are
localized in the Be atoms in the vicinity of the defective (vacancy) site. The appearances of these defective
electronic states are in accordance with the results that attribute the luminescence properties of BeO to the anion
vacancy, the F+-center and the F-center [12].
The VBe defect exhibits more complex electronic properties; we can observe that a spin splitting is present. We
can notice electronic spin states near the Fermi energy and inside the band gap. The spin up states (three) and one
spin down state are occupied while two spin down states are empty. Such spin occupation states give rise to a spin
magnetic moment. The calculated spin magnetic moment for the VBe, defined as mS = 2.S.PB, where S is the total
spin of the system and PB is the Bohr magneton, is 2PB. This magnetic moment is localized on the 2p orbital of the
four oxygen atoms nearest of the vacancy site, as can be observed in Fig. 2-(b) were we show the difference between
the spin up and spin down charge densities. Thus we can conclude that the magnetization of beryllium-deficient
system comes from the spin splitting of the 2p orbitals of the oxygen atoms nearest to the vacancy site. It is worth to
point that the high spin state for the cation vacancy is in according with the recent calculation performed by 
Volnianska and Boguslawski [13].
Fig. 2. (Colour online) (a) Isosurface of the charge density for the HOMO in the VO defect. (b) Isosurface for the
charge density difference between spin-up and spin-down electrons for the VBe defect. The black and grey spheres
indicates the Be and O atoms, respectively.
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IV- Conclusions 
In summary, our total energy calculations show that antisites are less common defects in w-BeO as compared 
with vacancies. However, those defects in BeO have similar formation energies than the ones in others similar 
oxides, indicating the importance to study these defects using modern and precise theoretical calculations.  For all 
the studied defects, electronic levels are present in the band gap. For the antisites we observe two occupied and two 
empty electronic levels in the band gap. For the VO we obtain a deep occupied electronic level close to the Fermi 
energy and two empty levels near the CBM. Our calculations are in accordance with the results that attribute the 
luminescent properties of BeO to the anion vacancy, the F+-center and the F-center [11]. The VBe have the more 
complex reconstruction around the defective site and a high spin state was obtained. The calculated spin magnetic 
moment for the VBe is 2PB.
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